T he cerebellar ataxias are a heterogeneous group of neurodegenerative disorders, characterised by symptoms and signs of cerebellar degeneration, pyramidal and extrapyramidal features, and variable polyneuropathy. Prominent clinical features are signs of cerebellar ataxia, such as uncoordinated gait and uncontrolled co-ordination of hand, speech, and eye movements, while (extra) pyramidal signs, such as retinal, cardiac, muscle and/or neuronal involvement, are less common. The clinical picture shows a large variation in age at onset and disease progression.
Sporadic ataxias may be attributed to various toxic, inflammatory, paraneoplastic, metabolic, endocrinal, or malabsorption conditions. Hereditary ataxias consist of a large number of autosomal dominant ataxias and ataxias with an autosomal recessive and X-linked mode of inheritance. The remaining ataxias of unknown cause are referred to as idiopathic sporadic cerebellar ataxias.
Most symptomatic ataxias can be diagnosed on the basis of a typical history or by simple laboratory tests. In hereditary ataxias family history is important. However, a negative family history cannot rule out autosomal recessive or X-linked ataxia and even autosomal dominantly inherited ataxia may be missed because of reduced penetrance, the early death of gene carriers before the onset of symptoms, imprinting effects, variable expression, adoption, or nonpaternity. 1 Gene defects have been identified for several hereditary forms. Autosomal dominant ataxias are often associated with genes containing unstable expanded trinucleotide repeats, such as polyglutamine-coding CAG repeat expansions in SCA 1, 2, 3, 6, 7, 17 and DRPLA, or trinucleotide or pentanucleotide repeat expansions in (non-) coding regions in SCA 8, 10, and 12. Other mutations have been identified, such as point mutations in FGF14 and SCA14, and several loci, such as SCA 4, 5, 11, 13, 15, 16, 18, 19, 21, 22, 23 , and 25 have been mapped. 2 3 Some autosomal recessive ataxias have been clinically characterised, their genes localised, or their genes and their proteins identified (table 1) . [2] [3] [4] The most common form (11-38%) of autosomal recessive ataxia is Friedreich's ataxia (FRDA), [5] [6] [7] [8] which shows a large variation in clinical presentation, that is age at onset and severity of clinical symptoms. Other forms of autosomal recessive ataxia are ataxia teleangiectasia (AT) 9 or AT-like disorders, 10 ataxia with isolated vitamin E deficiency (AVED), 11 abetalipoproteinaemia (ABL), 12 spastic ataxia of Charlevoix-Saguenay (ARSACS), 13 14 infantile onset spinocerebellar ataxia (IOSCA), 15 ataxia with oculomotor apraxia (AOA1 and 2), 16 17 and Refsum's disease (RD). 18 19 Furthermore, inherited metabolic disorders can cause ataxia-like carbohydrate deficient glycoconjugate syndrome, 20 21 GM 2 gangliosidosis, 22 and other disorders (table 1) . [2] [3] [4] Some forms of autosomal recessive ataxia have a specific geographical distribution: the southern Mediterranean area in AVED, Canadian families of French origin in ARSACS, and Finland for IOSCA, while AOA is frequent in Portugal and in Japan and RD is more frequent in the Scandinavian population. The genes and their cognate proteins are known in these autosomal recessive ataxias, except for IOSCA, which has only been localised (10q23-q24). 15 In other forms pathognomonic clinical features may sometimes help to establish the clinical diagnosis: myoclonus and/or epilepsy in progressive myoclonus epilepsy, 23 cataract in MarinescoSjogren syndrome, 24 retinitis pigmentosa in dorsal column ataxia with retinitis pigmentosa, 25 hypogonadism in Holmes syndrome, 26 27 and chorea in chorea-acanthocytosis 28 (table 1) . Also there are some inbred families with autosomal recessive ataxia, such as Cayman Island ataxia, 29 two Lebanese families with non-progressive congenital cerebellar ataxias, 30 31 and a Norwegian family with an infantile autosomal recessive inherited ataxia 32 (table 1) . We here describe, using a systematic genome scan, the assignment of a new disease locus to a 5.9 cM interval on chromosome 11p15 in a non-consanguineous Dutch family with childhood onset, slowly progressive autosomal recessive spinocerebellar ataxia without involvement of other (neurological) systems and with variable severity.
METHODS

Patients
A sibship of 12 individuals from a non-consanguineous couple of Dutch descent (fig 1) came to our attention because of the presence of ataxia in five siblings. Their mother, suffering from maturity onset diabetes, died at the age of 86 years and their father at the age of 56 years because of a head trauma: neither they nor their relatives showed ataxia. One of the healthy sibs (III:13) and his daughter (IV:18) were seen for genetic counselling, because they wanted to be informed about their own risk for ataxia and the risk for their children.
Three neurologists (BvW, EB, and JCvS) neurologically investigated all siblings (eight men and four women) and four other closely related family members (fig 1) . In addition to clinical evaluation, available medical records and hard copies of neuroimaging were reviewed. All affected individuals except one and one unaffected individual underwent magnetic resonance imaging (MRI) of the cerebrum. An electromyography (EMG) was performed in two patients, and an ophthalmological and neuropsychological examination was performed in one affected individual.
After 
Genomic testing
Genomic DNA was isolated from peripheral leukocytes as described. 33 For the systematic genome scan 381 markers from the ABI Prism Linkage Mapping Set MD 10 (version 2.5) were tested. Additional markers (STRs) for fine mapping were obtained from Marshfield genetic maps 9 and 11 34 or newly developed as described. 35 STR polymorphisms were amplified using 25 ng genomic DNA in 7.5 ml PCR reactions containing 16PCR Gold Buffer, 2.5 mM MgCl 2 , 10 mM primer pair mix, and 0.4 U AmpliTaq Gold DNA polymerase (Applied Biosystems). Amplification conditions were 10 min at 95˚C followed by 35 cycles of 30 s at 95˚C; 30 s at 55˚C; and 1 min 30 s at 72˚C; after a final extension for 5 min at 72˚C. PCR products were pooled in panels and loaded on an ABI 3100 automated sequencer. Data were analysed using Gene Mapper Version 2.1 software (Applied Biosystems).
Linkage analysis
Two-point and multipoint linkage analyses were performed using MLINK and LINKMAP. 36 Marker order and genetic distances were used from the Marshfield genetic map. LOD scores were calculated assuming ataxia in this family to be an autosomal recessive disorder with 100% penetrance with a gene frequency of 1:2500. No phenocopies were allowed and equal allele frequencies were used because of the limited number of available independent family members.
RESULTS
Clinical data
The first patient (III:15), who was examined at the age of 60, had childhood onset ataxia, causing problems with fine motor movements, tremor of the hands, and slurred speech. His gait became progressively unstable from childhood, and started to interfere with his daily activities after the age of 45. He was able to carry out his work until the age of 48 and became wheelchair dependent at the age of 55. There were no complaints of cognitive impairment or of visual, hearing, or swallowing problems nor did he have weakness or sensory group.bmj.com on October 19, 2017 -Published by http://jmg.bmj.com/ Downloaded from disturbances in his extremities. Neurological examination showed normal mental status, an upbeat nystagmus, saccadic pursuit eye movements, and cerebellar dysarthria. At inspection fasciculations were present in the forearms, hands, and legs. Neurological examination showed normal strength in all extremities, hypertonia in his legs, and hyperreflexia with Babinski signs bilaterally. Limb ataxia and severe gait ataxia were present with an inability to walk. A low frequency tremor was seen in the hands at rest, increasing with action and intention. Sensory examination showed decreased vibration sense in the legs, indicating impaired posterior column function. Extensive laboratory investigation of acanthocytes, cholesterol, triglycerid, low density lipoproteins, very low density lipoproteins, lactate, pyruvate, thyroid function, vitamin E, lysosomal enzymes, copper and ceruloplasmin, alpha-fetoprotein, and immunoglobulins did not show any abnormalities. An EMG showed a mild decrease of the motor nerve conduction velocity (NCV) of the posterior tibial nerve and compound muscle action potential (CMAP) of the peroneal and median nerve, with absence of the sensible nerve action potential of the sural nerve indicating a very mild axonal polyneuropathy. There were no signs of denervation or reinnervation in the musculus tibialis anterior, vastus medialis, rectus femoris, or first interosseus. There was a normal H-reflex of the musculus soleus and a normal late F-response, stimulating the medial and peroneal nerve. Ophthalmological examination was normal. MRI of the cerebrum showed atrophy of the cerebellum, vermis, pons, and medulla oblongata (fig 2) . Table 2 summarises the clinical characteristics of the five affected individuals, three males and two females. Mean age at examination was 55.2 years, ranging from 46 to 64 years. The onset of the disease was in childhood. The severity of clinical symptoms (cerebellar ataxia, pyramidal signs, and deep sensory loss) varied from mild to severe. The unaffected family members showed none of the symptoms described in the affected family members. MRI of the cerebrum in the unaffected sibling (III:13) showed no abnormalities.
An autosomal recessive mode of inheritance was assumed as no other affected individuals were found in the extended family. The clinical characteristics of the patients in this family, the variability in severity, and the absence of other (non-) neurological features were inconsistent with any known autosomal recessive syndrome. Molecular data DNA testing for known ataxia genes (SCA 1, 2, 3, 6, 7, DRPLA, FRDA 1) was carried out, but no mutations were found. Several autosomal recessive ataxia loci, such as FRDA 2, ATM, a-TTP, SCAN 1, ARSACS, IOSCA, and AOA 1 and 2 (table 1) were ruled out by testing polymorphic STR markers surrounding these loci (data not shown). A systematic genome scan was started to identify the locus for autosomal recessive ataxia in this family. Markers with positive LOD scores (.1.5) were identified in several chromosomal regions. To exclude or confirm linkage in these regions haplotype analysis was performed and if necessary additional markers were tested from the Marshfield genetic map. Except for loci on chromosomes 9q34 and 11p15 all other chromosomal regions could be excluded. On chromosome 9q34 the region between the markers D9S1856 and D9S279 (0 cM distance of about 500 kb) could not be excluded because markers in this region were uninformative. Also new STR markers, developed from BAC sequences in between, did not confirm or exclude linkage in this region. Testing of additional markers on chromosome 11p15 resulted in the identification of significant linkage of autosomal recessive ataxia to chromosome 11p15. Both markers D11S1758 and D11S1871 showed an LOD score of 3.2 (table 3) . Multipoint linkage analysis using eight additional markers confirmed the position of the gene defect to chromosome 11p15 with a LOD score higher than 3 in the interval D11S1758-D11S1871 (fig 3) . Haplotype analysis on this region, suggesting no phenocopies and 100% penetrance, determined the distal boundary of the critical region by a recombination event in subject III:17 between D11S4088 and D11S1758. The proximal boundary is determined by a recombination event in subject III:9 between D11S1338 and D11S1331. These recombination events (fig 1) thus map the gene for autosomal recessive ataxia in this family between D11S4088 and D11S1331, a region of 5.9 cM.
DISCUSSION
The present study describes a new locus on chromosome 11p15 for an autosomal recessive spinocerebellar ataxia in a Dutch family. An autosomal recessive mode of inheritance is assumed as no other affected individuals were found in the extended family. The number of affected siblings in generation III (five out of 12) in this family could suggest an autosomal dominant mode of inheritance with reduced penetrance and/or variable expression and/or an imprinting effect. However, none of the family members in the extended pedigree showed the symptoms described in affected family members, making this mode of inheritance most unlikely. The clinical characteristics of the patients in this family represent a pure spinocerebellar phenotype with cerebellar ataxia, pyramidal signs, and posterior column involvement with deep sensory loss. In two patients (III:12 and III:15) the cerebellar signs were accompanied by tremor of the hands, which can be described as postural tremor. Before starting genome wide screening several known loci which can cause autosomal cerebellar ataxia were excluded. First, repeat expansions in the SCA 1, 2, 3, 6, 7, DRPLA, and FRDA 1 genes were excluded. Second, autosomal recessive ataxia loci, such as FRDA 2, ATM, a-TTP, SCAN 1, ARSACS, IOSCA, and AOA 1 and 2 (table 1), were ruled out by testing polymorphic STR markers surrounding these loci. Finally, a genome wide screen was initiated which identified several chromosomal regions. Two regions, chromosome 9q34 and chromosome 11p15, could not be excluded after haplotyping and additional markers were tested. A possible region for autosomal ataxia between D9S1856 and D9S279 (0 cM) could not be excluded due to uninformative markers. However, the region does not overlap with the region on 9q34-qter for non-progressive autosomal recessive ataxia described as cerebelloparenchymal disorder type III 8 30 37 and AOA 2 17 (table 1) . Testing of additional markers on the 11p15 region revealed two fully informative markers (D11S1758 and D11S1871) which showed no recombination with autosomal recessive ataxia in this family. In a multipoint analysis, significant linkage was found in the region between these markers (LOD.3). Haplotype analyses located the disease locus between D11S4088 and D11S1331, a region of 5.9 cM. Except for D11S1871, no markers were homozygous in all patients. Testing of newly developed markers on closely linked sequences showed that this homozygosity was not enlarged, so it is probably caused by inheritance by state rather than by descent (data not shown). In this region no other locus for autosomal recessive ataxia has been described providing further evidence for locus heterogeneity.
Many genes and expressed sequence tags have been identified in the critical region of 5.9 cM (about 5 Mb), 38 but no clear obvious candidate gene can be assigned. Molecular genetic research over the last decade has led to a new classification of autosomal dominant ataxias, 39 consisting of 25 different types of SCA. 2 3 In the last few years autosomal recessive ataxias have increasingly been investigated and proven to be genetically heterogeneous (table 1) . These genes play a role in metabolic homeostasis, cell cycling, and DNA repair systems. Also chaperone genes involved in recessive ataxias have been described. [2] [3] [4] It is difficult to assign a likely candidate gene in this critical region because these genes mostly have different functions and features. As Friedreich's ataxia, a very common form of autosomal recessive ataxia, is mainly caused by a trinucleotide (GAA) repeat in intron 1 of the FRDA gene, 5 it might be interesting to look for genes with a trinucleotide repeat in their genomic sequences. Determination of the repeat length in patients versus controls in this family might suggest the pathogenic effect leading to autosomal recessive ataxia in this family. Differences in expanded repeat sizes between the affected siblings, due to instability of the expanded repeat when transmitted, could well explain the intrafamilial clinical variability of the ataxia. 7 Also, testing of additional autosomal recessive families with similar clinical features might reduce the size of the critical region and therefore simplify identification of the genetic defect. Finding the responsible mutation for autosomal recessive ataxia in this family will provide new tools towards diagnosis, understanding of the underlying pathophysiology of this disease, and finally and hopefully, better strategies for therapeutic intervention. 
